TITLE OF THE INVENTION 

REMOTE MAINTENANCE SYSTEM 

5 BACKGROUND OF THE INVENTION 

The present invention relates to a remote 
maintenance system for maintaining an industrial 
equipment installed at a remote location. 

10 ^^^aintfe^nce against a trouble in an industrial 

equipment requiring maintenance, such as a semiconductor 
device manufacturing apparatus has been made such that, 
upon occurrence of\a trouble, maintenance personnel 
instruct a countermea^ure to an operator for the 

15 manufacturing apparatus^ through telephone or facsimile 
communication or directly\visit a factory where the 
manufacturing apparatus d.s iK^talled. This also applies 

Along with recent increases in investment in the 
20 semiconductor industries, the number of installed 
production equipments increases to cause a chronic 
shortage in maintenance personnel. To achieve a low cost, 
production sites have been distributed at domestic and 
foreign remote locations. Under these circumstances, it 
25 becomes more- difficult to provide countermeasures 
against troubles and periodic maintenance. The 
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distributed production locations result in distribution 
of information about maintenance of manufacturing 
apparatuses. This makes it difficult to perform 
centralized management of information. The experiences 
5 of past troubles cannot be effectively utilized. 

SUMMARY OF THE INVENTION 

The present invention has been made in 
10 consideration of the above situation, and has as its 
object to immediately and efficiently perform 
maintenance of industrial equipments installed at remote 
locations . 

According to the present invention, the foregoing 
15 object is attained by providing a remote maintenance 

system for maintaining an industrial equipment installed 
at a remote location, the system comprising monitor 
means for monitoring an operating state of one or a 
plurality of industrial equipments, and management means 
20 for managing maintenance of the industrial equipment 
while communicating information associated with 
maintenance of the industrial equipment with the monitor 
means through the internet, 
(i3^^ccording to\^nother aspect is attained by 
25 providing a monitor a^^aratus arranged on an industrial 
equipment side to constitute a remote maintenance system 
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for maintainind an industrial equipment installed at a 
remote location Acomprising, obtaining means for 
detecting occurrence of a trouble of one or a plurality 
of industrial equipments and obtaining status 
information represenmng a state of the trouble, and 
communication means for notifying, through the internet, 
a management apparatus ^or performing centralized 
maintenance management oA the industrial equipment of 
status information obtaineci by the obtaining means, and 
for receiving response infortnation sent from the 
management apparatus through t^e internet in response to 
notification of the status info^ation. 

In another aspect of the present invention, the 
foregoing object is attained by providing a management 
apparatus arranged on a vendor side to constitute a 
remote maintenance system for maintaining an industrial 
equipment installed at a remote location, comprising, 
communication means for communicating, through the 
internet, with each monitor means of at least one 
factory in which a monitor apparatus is arranged to 
monitor an operating state of at least one industrial 
equipment, and corresponding means for determining a 
countermeasure against a trouble on the basis of status 
information associated with a state of the trouble of 
the industrial equipment, which is received by the 
communication means from the monitor apparatus, and 



causing the communication means to notify the 
corresponding monitor apparatus of response information 
based on the determined countermeasure. 

In still another aspect of the present invention, 
5 the foregoing object is attained by providing a remote 
maintenance method of maintaining an industrial 
equipment installed at a remote location, comprising the 
steps of, communicating, through the internet, 
maintenance information between a first vendor for 

10 supplying a first industrial equipment, a second vendor 
for supplying a second industrial equipment, a first 
factory in which the first and second industrial 
equipments are installed, and a second factory in which 
the first and second industrial equipments are installed, 

15 causing the first vendor to perform centralized 
maintenance management of the first industrial 
equipments installed in the first and second factories, 
and causing the second vendor to perform centralized 
maintenance management of the second industrial 

20 equipments installed in the first and second factories. 

Further objects, features and advantages of the 
present invention will be apparent from the following 
description of embodiments of the present invention with 
reference to be accompanying drawings. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is a schematic view of a remote maintenance 
system for an industrial equipment according to the 
first embodiment of the present invention; 
5 Fig. 2 is a flow chart showing the operation of a 

host computer serving as a monitor apparatus installed 
on the user (factory) side; 

Fig, 3 is a flow chart showing the operation of a 
host computer serving as a management apparatus 
10 installed on the vendor side; 

Fig. 4 is a flow chart showing an implementation to 
be taken by a person in charge in the department of 
maintenance ; 

Fig. 5 is a view showing an input window example 
15 serving as the user interface of a trouble database; 

Fig. 6 is a view showing the arrangement of a 
communication security system; 

Fig. 7 is a schematic view of a remote maintenance 
system for an industrial equipment according to the 
20 second embodiment of the present invention; 

Fig. 8 is a flow chart showing a semiconductor 
device manufacturing flow; and c 

Fig. 9 is a flow chart showing a wafer process. 

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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I 

[First Embodiment of Remote Maintenance System for 
Industrial Equipment ] 

Fig. 1 is a schematic view showing the remote 
maintenance system for an industrial equipment according 
5 to a preferred embodiment of the present invention. 
Reference numeral 101 denotes an office of a vendor 
(apparatus supply maker) for providing industrial 
equipments. This embodiment assumes, as industrial 
equipments, semiconductor manufacturing apparatuses used 
10 in semiconductor manufacturing factories. Examples of 
the semiconductor manufacturing apparatuses are 
preprocessing equipments (e.g., an exposure apparatus, a 
coating/developing apparatus, and an annealing 
apparatus), and postprocessing equipments (e.g., an 
15 assembling apparatus and an inspection apparatus) . 

Reference numerals 102 to 104 denote production 
factories of at least one semiconductor manufacturing 
maker serving as the user of industrial equipments. That 
is, the production factories 102 to 104 may belong to 
20 different makers or one maker (e.g., preprocessing and 
postprocessing factories) , 

A plurality of industrial equipments 106, a LAN 
(intranet) 109 for connecting these equipments 106, and 
a host computer 107 serving as a monitor apparatus for 
25 monitoring the operating states of the respective 

industrial equipments 106 are arranged in each of the 
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factories 102 to 104. 

The host computer 107 in each of the factories 102 
to 104 is connected to a host computer 108 serving as 
the management apparatus on a vendor 101 side through 
the internet 105 serving as a worldwide communication 
means. The host computer 107 notifies status information 
(e.g., the state of the corresponding industrial 
equipment in trouble) representing the operating state 
of the corresponding industrial equipment 106 from the 
factory side to the vendor side. At the same time, the 
host computer 107 receives response information (e.g., 
information for instructing a countermeasure against the 
trouble, or a countermeasure program or its data) from 
the vendor side in response to the above notification. 
The status information and/or the response information 
will be referred to as maintenance information 
thereinafter. 

In communication between the factories 102 to 104 
and the vendor 101 and LAN communication in each factory, 
a packet communication protocol (TCP/IP) generally used 
in the internet is used. 

The host computer 108 on the vendor 101 side can 
instantaneously grasp the operating states of the 
industrial equipments 106 in the user factories 102 to 
104 through the internet 105. The maintenance 
information representing the operating state and the 




maintenance state can be looked up from computers in 
other departments of the vendor 101, e.g., computers 110 
in the manufacturing department and the department of 
development in addition to the department of maintenance. 
5 The maintenance information can be fed back to the 
manufacturing department and the department of 
development. 

Fig. 2 is a flow chart showing the operation of the 
host computer 107 installed in each factory. The host 

10 computer 107 periodically executes processing 

represented by this flow chart to periodically monitor 
the operating states of the plurality (n) of industrial 
equipments 106 through the LAN 109. Upon occurrence of a 
trouble, the host computer 107 obtains status 

15 information such as the state of the trouble and 
notifies the vendor 101 side of them through the 
internet 105. 

In the flow chart of Fig. 2, the host computer 107 
identifies and manages the plurality of industrial 

20 equipments 106, i.e., the monitor targets, as the first 
to nth industrial equipments- The host computer 107 
sequentially increments a parameter i (steps S207 and 
S208) and monitors the operating state of the ith 
industrial equipment (step S203) . The host computer 107 

25 obtains the status information about the operating state 
of an industrial equipment in trouble (step S204) and 
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informs the vendor 101 side of this status information 
through the internet 105 (step S205) , The host computer 
107 automatically maintains the industrial equipment in 
trouble through the LAN 109, if possible (e.g., the 
5 trouble can be eliminated by software updating or the 
like) , on the basis of the response information 
transmitted from the vendor 101 side in response to the 
report of the status infoxrmation (step S206) , Note that 
if automatic maintenance against the trouble is 
10 impossible, a message representing this is displayed on, 
e.g. , a display. 

Each industrial equipment 106 has a function of 
notifying the corresponding host computer 107 of the 
presence/absence of a trouble in response to a request 
15 from the host computer 107 (corresponding to step S203) , 
and a function of specifying the contents of the trouble 
and notifying the host computer 107 of the status 
information (e.g., an error code representing the 
contents of the trouble) representing the specified 
20 contents (corresponding to step S204), 

In step S205, the status information notified from 
the host computer 107 to the vendor 101 side contains, 
e.g., the model of the industrial equipment in trouble, 
the serial number, the error code, and trouble 
25 occurrence time. The corresponding relationship between 
the error code and the contents of the trouble can be 
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spontaneously updated from the host computer 108 of the 
vendor 101 side through the internet 105. 

If the contents of a trouble are not registered in 
advance, an error code representing this may be 
5 contained in the status information. In this case, the 
operator can notify the vendor side of detailed 
information by means of telephone, facsimile, or E-mail. 

The host computer 108 serving as the management 
apparatus on the vendor 101 side waits for communication 
10 from the host computer 107 in each factory for, e.g., 24 
hours. Fig. 3 is a flow chart showing the operation of 
the host computer 108 on the vendor 101 side. 

The host computer 108 on the vendor 101 side 
periodically executes processing represented by the flow 
15 chart in Fig. 3 to monitor the operating states of the 
industrial equipments 106 of the respective factories 
102 to 104, 

First, the host computer 108 monitors whether the 
'report of a trouble is present (step S302) . If YES in 

20 step S302, the host computer 108 obtains status 

information about this report (step S303) . The host 
computer 108 looks up the trouble database (DB) for 
managing the maintenance of the industrial equipments of 
each factory on the basis of this status information. 

25 The host computer 108 checks whether the same trouble 
state as the currently reported trouble state for the 
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same industrial equipment has occurred in the past, i,e. 
whether the same trouble state is registered in the 
trouble database (501 to be described later) (step S304) 

If the same trouble state is registered in the 
trouble database ("YES" in step S304), it is determined 
whether a countermeasure against this trouble state is 
registered (step S306) , If YES in step S306, the host 
computer 108 notifies the host computer 108, in the 
factory which has reported the trouble, of response 
information about the registered countermeasure (e.g., 
code information or message representing the 
countermeasure, a countermeasure program, or its data) 
through the internet 105 (step S307) . 

Upon reception of the response information, the 
host computer 107 on the factory side automatically 
restores the industrial equipment in trouble to a normal 
state, if possible. When such automatic restoration is 
impossible, the host computer 107 outputs a message to, 
e.g., a display for the operator of the industrial 
equipment in trouble. 

The host computer 108 reports, to a person in 
charge on the vendor 101 side, the fact of occurrence of 
the trouble, the contents of the trouble (status 
information) , the presence/absence of notification of 
the countermeasure (response information), the current 
state, and any other associated information. This report 
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is displayed on the display of the computer 110 and made 
by automatically transmitting an E-mail from the host 
computer 108 to the mail address of the person in charge 
on the vendor side. 

If it is determined in step S304 that the same 
trouble state as the currently reported trouble state is 
not registered in the trouble database, this trouble 
state is newly registered in the trouble database (step 
S305), and then step S308 is executed. 

When the report to the operator is complete (step 
S308), the host computer 108 updates the trouble 
database (step S309) . By this updating, the 
presence/absence of transmission of the countermeasure 
(response information) , trouble report reception time, 
and the like are registered in the trouble database. 

Fig. 4 is a flow chart showing the flow of the 
implementation which can be taken by the person in 
charge in the department of maintenance, who has 
received the report in step S308. First, the person in 
charge looks up the trouble database to grasp the 
contents of a trouble and determines whether a 
countermeasure is required (step S402) . If NO in step 
S402 (e.g., when an appropriate countermeasure is 
notified to the corresponding factory in step S307), the 
operating state of the industrial equipment 106 in 
trouble is monitored through the internet 105 for, e.g.. 
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future occurrence of this trouble (step S404) . 

f, however,N^ countermeasure is required (i.e., 
"NO" in step S402), the person in charge selects an 
appropriate countermeasurh. by looking up the information 
5 stored in the trouble databa^e^ (step S403) , 

As a countermeasure policy, the trouble can be 
eliminated on-line through the internet 105 (step S407) . 
As an example, the trouble may be caused by a software 
error. In this case, the parameters and program in the 
10 memory of the industrial equipment in trouble may be 

corrected on-line through the internet 105 and the host 
computer 107 on the factory side. 

As another countermeasure policy, a method of 
eliminating the trouble may be instructed to the 
15 operator by means of E-mail, facsimile, telephone, or 
the like (step S406) . 

For a serious trouble which cannot be eliminated by 
the methods in steps S406 and S407, the person in charge 
visits the factory to eliminate the trouble (step S405) . 
20 When the countermeasure is complete, the person in 

charge operates the host computer 108 or the computer 
110 to update the trouble database on the basis of the 
information associated with this trouble (step S408) . 
The trouble database in the host computer 108 on 
25 the vendor 101 side will be described below. Dedicated 
or general-purpose browser software is installed in each 
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computer 110 connected to the host computer 108 through 
the LAN 109 and the console of the industrial equipment 
106 of each factory connected through the internet, 
thereby constituting, e.g., the user interface window 
5 shown in Fig. 5. 

The operator on the vendor or factory side can 
input information, such as the model (401) of the 
industrial equipment, the serial number (402) , the case 
of trouble (403), the date of trouble occurrence (404), 
10 the emergency degree (405), the trouble state (406), the 
countermeasure (407), and progress (408). Note that 
information may be automatically input to the trouble 
database by the host computer 108, as described above. 

The browser software of the window shown in Fig. 5 
15 has a hyperlink function (410 to 412) which allows each 
worker in each department of the vendor and each 
operator in each factory to access detailed information 
of each item, retrieve a new version of the software 
from the software library, or retrieve an operation 
20 guide (auxiliary information) as the reference for the 
operator in the factory. 

As described above, the worker in each department 
on the vendor 101 side, such as the department of 
maintenance, the manufacturing department, and the 
25 department of development can access the trouble 

database by using the computer 110 connected to the host 
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computer 108 through the LAN 109. The outside 
maintenance personnel can also access the trouble 
database by using a portable terminal through the 
internet 105. Therefore, the information of the 
respective departments of the vendor can be centralized 
and managed, and each department can always access the 
latest information . 

Information as part of the trouble database can be 
disclosed to users (factories), and each user can access 
various kinds of past maintenance information through 
the internet and employs an appropriate countermeasure 
against his own trouble. As described above, in this 
embodiment, the maintenance information can be shared by 
the vendor and the plurality of users to remarkably 
improve the maintenance efficiency. 

This embodiment also comprises a communication 
security system for inhibiting the third party from 
accessing confidential information from the trouble 
database through the internet. 

This system has a fire wall to perform validation 
using a password, and a computer which is allowed to 
access the database is registered in the host computer 
108 of the vendor 101 in advance, thereby inhibiting 
access by a computer other than the registered computers. 

Fig. 6 is a view showing the arrangement of the 
communication security system according to this 
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embodiment. Communication for accessing a trouble 
database 501 of the host computer 108 on the vendor 101 
side by using a browser 500 is performed using an 
encoded packet. The host computers 107 and 108 comprise 
codecs 502 and 504 and communication controllers 503 and 
505. A codec algorithm is provided in each factory 
(user) (the codecs on the vendor side can cope with a 
plurality of algorithms) . The codec algorithms are 
periodically changed to improve security. 

In the system of this embodiment, as described 
above, the internet serving as the exiting 
infrastructure and its communication protocol, and 
internet access software are used to communicate 
maintenance information of the industrial equipments. 
For this reason, loads on installation of dedicated 
communication lines and development of new software can 
be reduced, and a high-speed, low-cost remote 
maintenance system can be constructed. 

The plurality of factories in which the industrial 
equipments are installed are connected to the vendor 
management system through a communicating means to 
perform centralized management of maintenance 
information and share the information. The experiences 
of the past troubles can be utilized beyond the 
production sites, thereby immediately coping with 
troubles- In particular, when maintenance information is 
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shared by different business enterprises as users, the 
efficiency of the whole industry can be improved. 
[Second Embodiment of Remote Maintenance System for 
Industrial Equipment] 

^^^^q. 7 is a c?smceptual view of an industrial 
equipment maintenance^ system according to the second 
embodiment of the presetit invention. In the first 
embodiment, the plurality of user factories each having 
the industrial equipment ar^ connected to the management 
system for the vendor for thk industrial equipment 
through a communicating means Aand the maintenance 
information of the industrial equipment of each factory 
is communicated through the commurvicating means. However, 
in the second embodiment, a factor Itaving industrial 
equipments of a plurality of vendors \s connected to the 
management systems of the vendors for tte plurality of 
industrial equipments through a communic^ing means 
using the internet, thereby communicating maintenance 
information of each industrial equipment through the 
• <semmu-n4€ax.xn 5rTTTganSr. 

Referring to Fig. 7, reference numeral 201 denotes 
a production factory of an industrial equipment user 
(semiconductor device manufacturing maker) in which an 
exposure apparatus 202, a coating/developing apparatus 
203, and an annealing apparatus 204, all of which serve 
as the semiconductor device manufacturing apparatuses. 
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are installed in the production line of the factory. 
Only one production factory 201 is illustrated in Fig. 1, 
but a plurality of factories are similarly networked in 
practice. The above apparatuses are connected through a 
LAN (intranet) 206, and the operation of the line is 
managed by a production management host computer 205. 
Host management systems 211, 221, and 231 for performing 
remote maintenance of the supply equipments are provided 
in the offices of the vendors (apparatus supply makers) 
such as an exposure apparatus maker 210, a 
coating/developing apparatus maker 220, and an annealing 
apparatus maker 230. The host computer 205 for managing 
each apparatus in the production factory of the user is 
connected to the management systems 211, 221, and 231 of 
the vendors for the respective apparatuses through the 
internet 200. As described with reference to Fig. 1, 
each of the vendors 210, 220, and 230 can perform 
centralized maintenance management of its own supply 
apparatuses in the factories of the plurality of users. 

In this system, when a trouble has occurred in one 
of the series of production equipments on the production 
line, the operation of the production line stops. Remote 
maintenance is received from the vendor for the 
equipment in trouble through the internet 200 to 
immediately cope with the trouble, thereby minimizing 
the stop period of the production line. The host 
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management system of each vendor has a trouble database 
as described with reference to the first embodiment. 
Maintenance information is stored in this trouble 
database. Different communication security systems are 
used between the production factory and different 
vendors to prevent leakage of information. The detailed 
maintenance contents and method are identical to those 
of the first embodiment, and a detailed description 
thereof will be omitted. 

As described above, in the system of this 
embodiment, a plurality of factories of one or a 
plurality of users, which have industrial equipments of 
the plurality of vendors on the production line are 
connected to the management systems of the respective 
vendors to communicate maintenance information. Even if 
a given equipment during production gets in trouble, 
immediate maintenance can be received from the 
corresponding vendor. The line stop time can be 
minimized to improve the production efficiency. In 
particular, when maintenance information is shared by 
different users, different business enterprises, or 
different vendors, the efficiency of the whole industry 
can be improved. 

[Embodiment of Semiconductor Device Production Method] 

A semiconductor device production method in a 
facility using the above-described remote maintenance 
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system will be described below. 

Fig. . 8 is a flow of manufacturing microdevices 
(e.g., a semiconductor chip such as an IC or LSI, a 
liquid crystal panel, a CCD, a thin film magnetic head, 
and a micromachine) , i„ step i (circuit design) , circuit 
design for a semiconductor device is performed. In step 
2 (loosk formation) , a mask on which the designed circuit 
pattern is formed, m step 3 (wafer preparation), a 
wafer using ^ material such as silicon is prepared. Step 
4 (wafer process) is called a preprocess in which a 
circuit is actually formed on the wafer using 
lithography techniques by using Lhe prepared mask and 
wafer. Step 5 (assembly) is called a postprocess of 
forming a. semiconductor chip by using the wafer 
processed in step 4 and includes an assembly step 
(dicing and bonding) and a packaging step (chip sealing). 
In step 6 (inspection), inspections such as the 
operation check test and the durability test of the 
semiconductor device manufactured in step 5 
are performed. Through these steps, the semiconductor 
device is finished, when the semiconductor device is 
shipped (step 7), the preprocess and postprocess are 
performed in different dedicated factories, and 
maintenance is performed for each factory by the remote 
25 maintenance system described above . 

Fig. 9 shows a flow of the wafer process in detail. 
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In step 11 (oxidation), the surface of the wafer is 
oxidized, in step 12 (CVD) , an insulating fil^ foxmed 
on the wafer surface. In step 13 (electrode fox^ation) , 
an electrode is formed on the wafer by deposition, m 
step 14 (ion implantation) , ions are implanted in the 
wafer. In step 15 (resist process) , the wafer is coated 
with a photosensitive agent. In step 16 (exposure), the 
circuit pattern of the mask is printed and exposed by 
the exposure apparatus, m step 17 (development), the 
exposed wafer is developed, m step 18 (etching), the 
nonexposed portion except the developed resist image is 
removed, in step 19 (resist removal), the unnecessary 
resist upon etching is removed. These steps are 
repeatedly performed to form a multiple of circuit 
patterns on the wafer. The production equipments used in 
the respectively steps are monitored by the remote 
maintenance systems described above. Troubles can be 
prevented in advance. Even if a trouble occurs. 
Immediate restoration can be performed, thereby 
improving the productivity of semiconductor devices as 
coir¥>ared with the conventional case. 

As has been described above, according to the 
present invention, the worldwide internet is used as the 
remote maintenance communication means for the 
industrial equipments to allow construction of an 
effective maintenance system with less capital 



- 21 - 



investment regardless of the installation locations of 
the equipments . 

The user factories in which industrial equipments 
are installed are connected to the vendor management 
systems through the communicating means to iiiunediately 
cope with troubles. In addition, when the maintenance 
information is shared, the maintenance capability can be 
expected to be in^aroved. 

The present invention is not limited to the above 
embodiments and various changes and modifications can be 
made within the spirit and scope of the present 
invention. Therefore, to apprise the public of the scope 
of the present invention the following claims are made. 



- 22 - 



